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CCD camera Charge-Coupled Device Camera 电荷耦合元件
图像传感器
cm centimeter 厘米，长度单位
CRISPR Clustered Regularly Interspaced 成簇规律间隔
Short Palindromic Repeats 的短回文重复序列
DIC Differential Interference Contrast 微分干涉相差
DNA Deoxyribonucleic acid 脱氧核糖核酸
HR homologous reCombination 同源重组
GFP Green Fluorescent Protein 绿色荧光蛋白
L liter 升，体积单位
L1 Larva 1 第一期幼虫
L2 Larva 2 第二期幼虫
L3 Larva 3 第三期幼虫
L4 Larva 4 第四期幼虫
LB Luria-Bertani culture medium 溶菌肉汤培养基
mL milliliter 毫升，体积单位
mm millimeter 毫米，长度单位
NGM Nematode Growth Medium 线虫生长培养基
NHEJ non-homologous end joining 非同源末端插入
RNA RiboNucleic Acid 核糖核酸
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本研究中，我们利用 CRISPR/Cas9 系统，通过 Cas9 切割导致 DNA 断裂诱






























CRISPR/Cas9 is the third generation of artificial endonucleases. It has been
successfully applied in a variety of organisms for genome editing, due to its easiness
and specificity . It has become a very promising tool for studying gene function, not
only because it could be used to knock out genes but also knock in genes precisely.
DNA damage created by CRISPR/Cas9 system would lead to homologous
recombination during DNA damage repair, which could be used for precise gene
knock-in . In this study, we successfully knocked in a 1.8kb DNA fragment into
dpy-13 locus by CRISPR/Cas9 system. Although we failed to knock in larger (3.8kb)
DNA fragment, it demonstrated we could knock in DNA fragment as large as 1.8kb in
future experiments.
To study the function of essential genes, we constructed a conditional knock-out
system by expressing Cas9 driven by heat shock gene promoter. Our results showed
that when we induced the expression of Cas9 by heat shock at the L1 stage, somatic
expression of Cas9 could cut dpy-13 targeting site and lead to expecting phenotypes.
Our result also suggested that this conditional knock-out system mediated by
CRISPR/Cas9 could help us to analyze functions of essential genes after embryonic
stages.
The results from us and other researchers suggested that an efficient sgRNA is
the key factor for successful gene knock-out mediated by CRISPR/Cas9 system. We
attempted to construct a sgRNA efficiency testing system in C. elegans to examine
whether a sgRNA targeting site could be cut by CRISPR/Cas9 system efficiently. In
this system, we inserted sgRNA targeting site sequence in front of GFP gene fragment
and cut of sgRNA targeting site by Cas9 would lead to glowing of GFP. Our results
showed that our sgRNA efficiency testing system could be used not only to test the
efficiency of sgRNAs quickly, but also to enrich gene editing events. Compared to



















































基因组，整合的位置位于 CRRSPR的 5' 端的两个重复序列之间(repeats)。因此，
CRISPR 基因座中的间隔序列从 5' 到 3' 的排列也记录了外源遗传物质入侵的
时间顺序。噬菌体或是质粒上与间隔序列对应的序列被称为 protospacer，通常
protospacer 的 3' 端延伸 3 个 碱 基 序列 很 保守 ，一般为 NGG，被 称 为
PAM(protospacer adjacent motifs)。新间隔序列的获得可能分为三步：首先识别入
侵的核酸和扫描外源 DNA 潜在的 PAM，将临近 PAM 的序列作为候选















合 到 两 个 重 复 序 列 之 间 ， 目 前 只 有 第 一 个 步 骤 被 证 实 [4-8] 。
图 1产脓链球菌 CRISPR/Cas9干扰噬菌体或外源质粒入侵示意图[9]


























经过改造的 CRISPR/Cas9 基因座主要由三部分构成：第一部分是 5' 端的
tracrRNA 基因，在 crRNA成熟过程， 5' 端的 tracrRNA 基因与 RNaseⅢ共同作
用，帮助 Pre-crRNA剪切为成熟的 crRNA，并与 crRNA形成二聚体结构，识别
靶位点（target site）。第二部分 3' 端为 CRISPR 基因座，由启动子区域和众多
的间隔序列(spacers)和重复序列(direct repeats)顺序排列组成，转录出 crRNA，主
要负责识别靶位点（target site）。第三部分是 Cas蛋白编码基因，包括 Cas9、Cas1、
Cas2和 Csn2。Cas存在于 CRISPR位点附近，编码一种双链 DNA核酸酶，能在






















图 2哺乳动物细胞中 gRNA (chemricRNA) 介导 Cas9 基因定点编辑[9]





crRNA（CRISPR RNA）和 tracrRNA（transactivating crRNA）。然而，近期的研
究表明，这样的双 RNA 可以重新装配成一种单导向 RNA（single-guide RNA，
sgRNA)，人们根据其特点对其进行化学合成，形成单导向 RNA（single-guide
RNA）即 sgRNA，其包含的序列足以编程 RNA复合物介导 Cas9切割靶基因导
























(transcription activator-like effector nuclease，TALEN)一出现就在很大程度上替代
了ZFN。2009 年，科学家将一种水稻的致病菌(Xanthamonas)编码的类转录激活
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